We present a comparative measurement of the G-peak oscillations of phonon frequency, Raman intensity and linewidth in the Magneto-Raman scattering of optical E 2g phonons in mechanically exfoliated ABA-and ABC-stacked trilayer graphene (TLG). Whereas in ABA-stacked TLG, we observe magnetophonon oscillations consistent with single-bilayer chiral band doublets, the features are flat for ABCstacked TLG up to magnetic fields of 9 T. This suppression can be attributed to the enhancement of band chirality that compactifies the spectrum of Landau levels and modifies the magnetophonon resonance properties. The drastically different coupling behaviour between the electronic excitations and the E 2g phonons in ABA-and ABCstacked TLG reflects their different electronic band structures and the electronic Landau level transitions and thus can be another way to determine the stacking orders and to probe the stacking-order-dependent electronic structures. In addition, the sensitivity of the magneto-Raman scattering to the particular stacking order in few layers graphene highlights the important role of interlayer coupling in modifying the optical response properties in van der Waals layered materials.
I. INTRODUCTION
The physics of single and few layers graphene has emerged as a prolific research area during the last decade. [1] [2] [3] Trilayer graphene (TLG) bridges the single atomic layer and the bulk graphite limits and its crystalline form can display Bernal (ABA) and rhombohedral (ABC) stacking orders. [4] [5] [6] [7] [8] [9] [10] The TLG's stacking-dependent band structures near the Dirac point has been assessed by several methods including integer quantum Hall effect (IQHE) measurements, 8 infrared (IR) absorption spectroscopy, 10 scanning tunneling microscopy (STM), 11 angle-resolved photoemission spectroscopy (ARPES), 12 and Raman spectroscopy. [13] [14] [15] Among these, Raman spectroscopy is a commonly used method owing to its unique advantages of processing simplicity, high efficiency, non-destructiveness and reliability, and has been widely employed to probe properties of graphene layers, such as the electronic [16] [17] [18] [19] and crystal 14, [20] [21] [22] structures, and optical, 23, 24 mechanical, [25] [26] [27] electrical doping, 28, 29 and chemical functionalization properties. [30] [31] [32] Moreover, Raman spectroscopy is also widely used to investigated the magneto-phonon resonance (MPR) effect which induced by the strong coupling of the inter-Landau level (LL) electronic transitions with the doubly degenerate E 2g optical phonons in graphene layers and bulk graphite under magnetic fields, which gives important information on electron-phonon interactions and the transitions between quantized Landau levels. [33] [34] [35] [36] [37] [38] [39] [40] The MPR in monolayer graphene and bilayer graphene has been theoretically predicted. [41] [42] [43] [44] Experimentally, the MPR effect was observed in different types of graphene samples such as decoupled monolayer graphene on graphite, monolayer graphene and Bernal stacked few-layer graphene on SiO 2 /Si and non-Bernal stacked multilayer graphene on SiC. 33, 34, 36, 38, 39, [45] [46] [47] However, a comparative study of stacking-order-dependent MPR effect in ABA-and ABCstacked TLG has not been reported in previous works.
In this article, we investigate the phonon-electron coupling in TLG under the influence of a magnetic field, and the role played by the layer stacking, using magneto-micro-Raman spectroscopy. It is found that the E 2g phonon shows drastically different behaviors for ABA-and ABC-stacked TLG under magnetic fields. In addition to the changes of E 2g phonon energies with varying magnetic fields, we observe well-defined oscillations in the Raman intensity and linewidth of the E 2g phonons in both supported and suspended ABA-stacked TLG. This genuine MPR effect presented in both supported and suspended samples indicates a strong coupling of the electronic Landau level transitions and optical phonons and its weak dependence on the substrate. In contrast, the phonon energy, the Raman intensity, and the linewidth of the E 2g phonons of ABC-stacked TLG have no features up to magnetic fields of 9 T. The quenching of the MPR features in ABC-stacked TLG below 9 T can be related with the tighter bunching of the Landau levels resulting in higher chirality bands. The remarkably different coupling behaviours between electronic excitations and E 2g phonons in ABA-and ABC-stacked TLG reflect the magnetophonon response sensitivity to the interlayer coupling details.
II. EXPERIMENT
Suspended and supported graphene layers were prepared by micromechanical cleavage 1 of natural graphite crystals and deposited on 300 nm SiO 2 /Si substrates with and without pre-patterned holes. The detailed fabrication process of the suspended samples is described in our previous work. 48 An optical microscope was used to locate the thin layers, and the number of layers was further identified by white light contrast spectra and the absolute Raman intensity of the G mode at room temperature. 49 The stacking sequence was then determined by the linewidth of the Raman G'(2D) mode at room temperature. 13, 14 The white light contrast spectra were acquired using a WITec CRM200 Raman system with a 150 lines/mm grating. The room temperature Raman spectra\images were obtained using a WITec CRM200 Raman system with a 600 lines/mm grating and using 532 nm laser excitation with laser power below 0.1 mW on the sample surface to avoid laser-induced heating. The low-temperature magneto-Raman spectra of the TLG samples were measured with a customer designed confocal micro-Raman spectroscopy/image system at T = 4. 
III. EXPERIMENTAL RESULTS AND DISCUSSIONS
Typical room temperature Raman spectra/images of mechanically exfoliated graphene sheets with different number of layers together with an optical image and a white light reflectance image, are presented in Fig. 1 . The homogeneous contrast of the optical image ( Fig. 1(a) ), the white light reflectance image ( Fig. 1(c) ), and the Raman image of the G band intensity ( Fig. 1(d) ) for the area highlighted by light blue dashed line clearly shows that the sample thickness or the number of layers of the highlighted part is identical. It can be determined by the extracted contrast value and Raman spectra ( Fig. 1(b) ) that the highlighted part is TLG. However, there are two parts with strikingly different contrasts in the Raman image extracted from the G'(2D) band linewidth of the TLG region as shown in Fig. 1(e) . This indicates the existence of two domains with different stacking orders. Using the double resonance Raman theory and considering the unique electronic band structures of ABA-and ABCstacked TLG especially at the low energy level, we can assign the brighter (broader G' mode) part as ABC-stacked TLG, while the darker (narrower G' mode) part is assigned as ABA-stacked TLG as discussed previously. Now we elucidate the experimental observations of the distinctive stackingdependent magnetophonon oscillation features in ABA-and ABC-stacked TLG by numerical calculations. We note that the observed oscillatory features would manifest as anticrossing branches in clean enough devices. 34 The magneto-Raman E 2g phonon frequency oscillations are related with the inter-Landau-level resonant transitions T n between states with Landau level index differences |n| -|m| = ±1 from the initial filled m to final n empty levels. The filling-factor dependent magnetophonon frequency renormalization given in Ref. [43, 50] reduces to a simpler form in a charge neutral
where the phonon self-energy uses the bare propagator 43, 50 and assumes the same form of magnetic field dependence for the electron-phonon coupling ∝ 1/2 . We defined ̃= + . Here, ε is the renormalized phonon frequency, is the broadening, 0 is the dressed phonon frequency measured at zero field, is the dimensionless electron-phonon coupling constant, 1 = (2ħ ) 1/2 is used to capture the B-field evolution of the electron-phonon coupling, and the parameter that physically is related with the nearest neighbour hopping term accounts for the difference between the bare phonon frequency ℎ and 0 through the relation 52 In the low field limit, we can see that the higher power law scaling of the B-field results in a smaller leading coefficient and therefore more closely spaced energy levels which makes the resonant transitions more susceptible to the effects of broadening. We introduce an effective parameter ξ to control the separation of the Landau levels. The value ξ = 1 in the low energy form is valid to approximate the minimal model full bands spectrum for small fields but the errors in the dispersion for moderately large B-fields of a few Teslas become substantial due to the inaccurate 3/2 scaling. 53 Thus, this parameter is meant to reduce the overall width of the Landau level spectrum spacing to correct for this spurious separation of the simplified Landau levels at moderately large fields. By using a smaller value ξ = 1/4, we reduce the spacing between the Landau levels that leads to a separations similar to the full bands calculation when B~9 T for the first twenty Landau levels, see Fig. 3 . Since both the ABA-and ABC-stacked TLG are simultaneously present in the same sample experimentally, we use the same value of the disorder broadening δ in our calculations. The resulting magnetophonon oscillations for ABC-stacked TLG in Fig. 3 clearly show that the closer spacings between the Landau levels lead to suppressed magnetophonon oscillations due to the smearing of the features by the disorder broadening.
IV. CONCLUSIONS
In summary, we have investigated the low temperature (~ 4. Thus it is expected that probing magneto-Raman oscillations associated to multilayer graphene with rhombohedral stacking will normally require larger magnetic fields and samples with low disorder.
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APPENDIX C: MAGNETO-RAMAN RESULTS OF A SECOND ABC-STACKED TLG SAMPLE
The magneto-Raman measurements on a second ABC-stacked TLG sample is shown in Fig. 6 . The number of layers (TLG) and the stacking orders (ABA and ABC) of the graphene flakes marked by light blue dashed line in the optical image of Fig.   6 (a), are differentiated by white light reflectance image and Raman images (see Fig.   6(b-d) ). The magneto-Raman results of the ABA-stacked region (not shown here) are almost the same as the phenomena we observed in Fig. 2 of ABA-stacked TLG.
However, the tiny fluctuations in the magnetic field range of 1-3 T appeared in Fig.   2 (c-e) of ABC-stacked TLG did not reproduce in this ABC-stacked region, as shown in Fig. 6(e-g) . Therefore, the fluctuation should not relate to MPR effect.
APPENDIX D: CALCULATION OF THE INVERSE PERIODS OF ABA-STACKED TLG
The inverse periods of ABA-stacked TLG can be estimated by considering its electronic spectrum under the magnetic field consisting of a series of discrete inter- 
In equations of (A3) and (A4), we assume ≫ 1 (approximating √ ( ± 1) ≈ ± 1/2), and consider the magneto-phonon resonance condition of ∆ = ℏω ph , then we The first twenty Landau levels in monolayer graphene and ABC trilayer graphene. In the ABC trilayer case we plotted the full-bands Landau levels in blue and the corrected low energy form we used in our calculations. The comparison of the vertical axis energy scales between the monolayer and ABC trilayer graphene shows that the latter has more compactly bunched Landau levels due to its higher band chirality. 
